Two new studies show that phosphorylation by Aurora B kinase controls the centromere localization and catalytic activity of the microtubule depolymerase MCAK. Physical tension from microtubule attachment may influence access of MCAK to Aurora B kinase and its opposing phosphatases.
Unlike other kinesins that transport cargo, mitotic centromere-associated kinesin (MCAK) and the other members of the KinI subfamily of kinesins catalyze microtubule disassembly, a key element in normal chromosome movement. Each mitotic chromosome has two sister centromeres which underlie the kinetochores, the proteinaceous structures that bind to, and move on, the spindle microtubules. MCAK is found throughout the cell but is concentrated at the centromeres and kinetochores and in the spindle poles. Aurora B kinase, a regulator of chromosome movement and microtubule dynamics, is also concentrated at the centromeres of chromosomes prior to sister chromatid separation. This co-localization led two research groups [1,2] to hypothesize that Aurora B might phosphorylate, and thereby regulate, MCAK. This hypothesis has proven strikingly accurate. Aurora B phosphorylation regulates both localization of MCAK to the centromere and its microtubule depolymerase activity. Moreover, subtleties in the precise subcellular arrangements of phospho-variants of MCAK may provide clues to the intriguing role of mechanical tension in regulating kinetochore attachment and chromosome motion.
Using in vitro phosphorylation and mass spectroscopy, both groups [ [4] . Single mutations or mutation of multiple sites from serine (S) to alanine (A) did not affect this depolymerization activity, but mutation of two serines or (more potently) of all five serines to glutamate (E) to mimic constitutive phosphorylation reduced MCAK's depolymerase activity. Mutant enzyme with quintuple S-to-A or S-to-E changes led to defects in spindle structure or chromosome attachment.
Lan et al. More compelling is the case that vertebrate MCAK guides directionality during prometaphase chromosome movement; other proteins are likely to be responsible for the actual work of moving chromosomes along the spindle microtubules. In cells expressing a truncated form of MCAK that displaces endogenous MCAK specifically from centromeres, chromosomes attach and move at normal rates on the spindle but have difficulty in alignment at the metaphase plate [9] . Interfering with Aurora B kinase similarly causes defects in alignment [15] . Centromeric MCAK, regulated by Aurora B, may thus fine tune chromosome guidance for reaching metaphase.
When a chromosome near a pole moves toward the metaphase plate its leading kinetochore has fewer microtubules than the trailing kinetochore [16] . How is the bias toward the spindle equator achieved? One possibility is that, at the leading kinetochore, the distribution of tension over relatively few microtubules results in a greater local distortion at each binding site, perhaps pulling the binding site and associated MCAK into a phosphatase-enriched area and activating the MCAK depolymerase (chromosome congression, Figure 2C ). On the trailing kinetochore, tension is distributed across more microtubules so that MCAK remains inhibited by Aurora B kinase. After aligning at metaphase, stochastic loss of individual microtubules or elasticity of microtubule binding sites may allow oscillatory movements (metaphase alignment, Figure 2C ). These speculative ideas are certainly incomplete in accounting for chromosome behavior in mitosis. For example, they do not incorporate other important modulators of Aurora B-MCAK interaction such as the recently described ICIS protein [17] . They also do not address the important contributions of other mediators of chromosome movement, such as microtubule motor molecules associated with kinetochores and chromosome arms, or microtubule flux in the spindle. This new work may provide a long-sought biochemical link between mechanical tension and chromosome movement. A long-term goal will be the understanding, at a structural level, of how mechanical tension may regulate Aurora B's ability to control MCAK and other substrates.
